INTRODUCTION
This report is an annotated bibliography of hydrology and geology manuscripts that pertain specifically to the Cheyenne municipal well fields. This report is a cooperative effort between the Cheyenne Board of Public Utilities, the University of Wyoming, and the U.S. Geological Survey (USGS). The earliest manuscript identified in this research was published in 1910 by N. H. Darton and others. Since that time, a total of 55 manuscripts have been produced that address various issues in the area of the Cheyenne municipal well fields. The report lists manuscripts, conference proceedings, and guidebooks published by the U.S. Geological Survey, State of Wyoming, Geological Society of America, Wyoming State Geological Survey, private consultants, and University of Wyoming.
Information on geologic formations, structural geology, aquifer characteristics, water levels, well-field production, water-demand projections, and water quality is included in the manuscripts. Some manuscripts did not receive broad distribution and indexing, thus were difficult to locate. Only one copy of some manuscripts could be located and those manuscripts often contained original data and analysis and, in some cases, original handcolored geologic maps.
For each manuscript, a citation is listed, the contents relating to the Cheyenne municipal wells fields are summarized, key words are noted, and a location of the manuscript is given. Information presented in this report will assist the managers of water supplies in the Cheyenne area and other users of hydrologic information by making previous work accessible. By having the references and summaries within one report, time and effort to gather previous study results will be minimized. Managers can use this report to determine what existing data are available and to take advantage of previous knowledge for new studies.
In 1956, the USGS conducted an inventory of water resources in the Missouri River Basin. This report concentrated on the area surrounding Crow and Lone Tree Creeks. The authors described the geology and hydrogeology of the study area, and the water quality of ground water and surface water in the area.
The geology of the area was briefly described in the report. The boundary between the Fox Hills and Laramie Formations was established at the change from brackish deposits of coal and lignite (Laramie Formation) and marine deposits (Fox Hills Formation). Wells in the area were reported to yield moderate supplies of water. The Laramie Formation outcrops in the southern part of the study area and was described as providing moderate supplies of water from gravel beds. Composed of heterogeneous beds of silt, sand, and gravel, no water-supply data was available for the Chadron Formation. The Brule Formation was described from exposures in creek valleys. The authors noted fracturing in the Brule Formation in the valleys from which water has been used for irrigation. The Arikaree Formation was differentiated from the Ogallala by its lack of volcanic-source minerals and feldspars. The Arikaree was classified as being poor for water development. The Ogallala is described as a braided stream deposit, yielding large quantities of water to the west of Cheyenne. The authors stated that the Ogallala does not yield water to the east of Cheyenne because of insufficient saturated thickness. To the east of Cheyenne, alluvium and terrace deposits yield large amounts of water to domestic and irrigation wells. Lithologic logs of the wells used in the report are given in an appendix.
Water flow in the aquifers is described as generally east-southeast, following modern day stream valleys. Depth to the water table is depicted on an attached plate. The authors note that water levels declined throughout the study area but do not give drawdowns. The aquifer properties are given in the report.
Water quality for the wells and for Crow and Lone Tree Creeks is listed in the report. Streamwater sampling shows a decrease in the downstream direction of dissolved solids; sodium and potassium concentrations in stream water did not reflect that decrease.
Blackstone discusses the tectonic uplift of the Laramie Range and associated structural features, from Casper, Wyoming, to northern Colorado. Stratigraphy is briefly discussed for the basins surrounding the Laramie Range. East-west trending geologic cross-sections are drawn at several locations including the Borie well field, Mesa Mountain, and Horse Creek.
The cross-section through Borie extends from near Buford, Wyoming, east to Cheyenne. The cross-section depicts the Borie Anticline in a general form. There are three cross-sections through Mesa Mountain which show two thrust faults. The Casper Formation is not connected across the faults, and formations are nearly vertical to overturned. Sediments of Tertiary age cover all but a small part of the Cretaceous Formations, which dip slightly to the east of the lower thrust fault. The cross-section in the area of Horse Creek shows a thrust fault along the mountain front and the Horse Creek Anticline to the east of the station.
Blackstone notes the absence of rocks of Paleocene age east of the Laramie Range and attributes this to sediments washing north into the Powder River Basin during the Paleocene. He also states that the Fox Hills Sandstone was deposited during the last marine regression in the Cheyenne area. This report was completed as part of the Missouri River Basin water resources project of the 1950's. The study area encompassed the stream valley of Lodgepole Creek, from its headwaters to the Wyoming-Nebraska state line. The report gave geologic descriptions of possible water bearing formations in the stream valley and listed water-quality data for ground and surface water in the area.
The author mentioned rocks of pre-Tertiary age only in passing. He noted their attitude at the Laramide thrust fault, and the 5 degree dip they have east of the fault. No wells were completed in the Chadron Formation in Lodgepole valley. Water yields were predicted to be low because of the fine-grained sediments. The Brule Formation was described as a fractured siltstone in valley bottoms. Water yield was low except where the fractures occur. Wells in the Brule yield 360-2,000 gallons per minute (gpm). The Arikaree Formation is a finegrained sandstone with minor amounts of water. The Arikaree was deposited on the eroded surface of the Brule. The lateral extent of the Arikaree was unknown for two reasons. First, the Arikaree was probably deposited only in the low-lying parts of the Brule. Second, the Arikaree would have been eroded before the Ogallala Formation was deposited. The Ogallala Formation was described as a braided-stream deposit, with lenses of gravel, sand, and silt. The formation thins to the east of the study area. It yields 200-530 gpm to wells. Deposits of Quaternary age are located in the stream valleys, and where the alluvium is saturated, were expected to produce large amounts of water to wells. Wells completed in the alluvium yielded 425-1,500 gpm.
The potentiometric surface was mapped on an appended plate. Depths to ground water range from 10-300 feet. Stream flow and ground-water flow are eastward. The aquifers are recharged primarily by infiltration of precipitation.
Water-quality data for the wells were relatively uniform regardless of the source rocks. The water type was calcium bicarbonate with an average dissolved-solids measurement of 277 parts per million. Surface-water samples collected from Lodgepole Creek showed the same characteristics as the ground water, and had approximately the same values. The hardness and dissolved solids increased downstream. The water was suitable for all but strict industrial uses. Cady limits his discussion to two groups of rocks underlying Cheyenne: (1) older rocks of Cretaceous age, that were structurally affected by the Laramide or mountain building event and (2) younger rocks and those of Tertiary age that lie at or near the surface, with sediments that are derived from the older rocks. Cady gives lithographic descriptions of the Arikaree Formation, the Brule clay, the Chadron sandstone, and the Fox Hills Sandstone.
A lithologic log of the test well drilled at the Veterans' Administration Facility is included in the report. Water-yielding characteristics are assessed for the Chadron sandstone, Fox Hills Sandstone, Pierre Shale, and Niobrara Limestone. A qualitative description is given of the quality of the water from a sandstone lens within the Pierre Shale from 956-1,038 feet. He estimates the thickness of the Brule clay to be about 290 feet, the Chadron sandstone to be about 233 feet and the Fox Hills Sandstone to be about 226 feet in the test well at the Veterans Administration Facility.
It appears that what is identified in Cadys' report as the Arikaree Formation is now considered to be the Ogallala Formation of Tertiary age. There is some discussion of the water-yielding characteristics of those sediments. One City of Cheyenne well was reported to flow 175 gpm and was pumped at 450 gpm. Also included are logs or hydrologic information on 63 wells in the area. Dutton concludes that all ζD and ζ 18 O from the confined and unconfined ground water plot along the meteoric water line and are consistent with the modern distribution of meteoric water across North America. He reports that, although the age dates are uncertain, calculations indicate that ground water from the unconfined aquifer probably ranges from 25 years to less than 1,000 years old, while ground water in the confined aquifers range from between 20,000 and 32,000 years old. Lateral flow and leakage as recharge mechanisms are discussed, as well as climatic influences.
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U.S. Geological Survey. Only one copy of this report was found. Foley conducted an intensive study of the Cheyenne municipal wells including continuous water-level monitoring and aquifer tests. By June 1942, the population of the Cheyenne area, including Fort Frances E. Warren (now F.E. Warren Air Force Base), was estimated to be about 40,000. The City, Union Pacific Railroad, Colorado and Southern Railroad, Fort Frances E. Warren, and the U.S. Agricultural Research Field Station were identified as major water users, with Union Pacific Railroad being the largest user during the winter of 1941-42. A history of the development of ground-water supplies is presented, starting in 1933-34 with the installation of a collection gallery at Ware, followed by the installation of wells at Silver Crown in 1935-36, and finally followed by the installation of wells in the Cheyenne well field in 1935-42. The amount of water supplied by wells varied from 16 to 38 percent. The following formations are described: Casper, Fox Hills Sandstone, Chadron, Brule, Ogallala, and alluvial deposits. A geologic map also is included.
Water levels, aquifer tests, well data, and flow data are described. Field visits were made to 90 wells to collect data; weekly water-levels were measured in 25 wells for about one year. A water-table map is included in the report. Recovery data from a 2-week period were used to calculate specific capacity and transmissivity. Well logs, pumping records, interference data, water-level recovery data, and well yields are included. Foley calculated the Ogallala Formation will transmit about 820,000 gallons per day for each mile of aquifer width, and he notes that this value is comparable to the 667,000 gallons per day for each mile of aquifer he calculated based on discharge to Crow Creek.
Recharge and discharge are discussed. Monthly summaries of precipitation in Cheyenne for normal, 1940, 1941, and 1942 (partial) Moore investigated the geomorphology of the region west of Cheyenne to the Laramie Range. The author describes the lithology of the rocks from the Precambrian to the Tertiary in the study area. The lithology of the formations was used to determine the depositional environments of the sediments. Moore states that the Arikaree Formation is not well developed or is nonexistent in the region studied. The lateral discontinuity of the Ogallala Formation made characterization of the formation difficult. The author found evidence of channel deposits, with potentially high transmissivity, in the Ogallala Formation. This report was completed during World War II when Cheyenne was estimated to have a population of about 35,000 with an additional 20,000 to 30,000 persons stationed at Fort Francis E. Warren. The report concentrates on aquifers of Tertiary age and the Cheyenne well field. Infiltration of streams and precipitation are identified as the principal recharge source for the Ogallala Formation. Total recharge was estimated to be about 10 million gallons per day (MGPD) with about 2.5 MGPD recharge from Lone Tree, Duck and Goose Creeks, and about 7.7 MGPD from infiltration of precipitation. A precipitation recharge rate of 0.83 inches was calculated. Discussion of permeable zones with high-yield potential in the Brule Formation and Ogallala Formation is included. The spring line west of Cheyenne is used as an approximate boundary of appreciable thickness of water-bearing beds. Three groups of wells in the Cheyenne well field are identified. The alignments of various sand and gravel beds indicate that the Cheyenne well field might be developed in an alluvial fan built up by Lone Tree Creek. Water-level fluctuations from natural effects and well-field pumpage are discussed. A total of 31 wells had been drilled in the Cheyenne well field area: 20 wells were successful and 11 wells were considered failures. Specific capacity, transmissivities, and rate of pumpage for 1941-45 are reported for the wells. The collection gallery in Crow Creek Valley at Ware and shallow wells at Silver Crown and their effect on flow in Crow Creek are described. The alluvial aquifer was identified as having the potential for additional development. A water-quality Data and analyses in this report are separated into the Cheyenne well field and the Federal well field.
In the Cheyenne well field, wells are divided into three groups based on mutual interference of wells when pumped. Water levels measured in 43 wells April 2, 1973 are reported. Changes in water levels between the 1973 measurements and April 1, 1972 measurements are calculated. Some wells showed an increase while other wells showed a decrease in depth to water. Pumpage of water from selected wells from April 1971 to March 1972 and from April 1972 to March 1973 is displayed graphically. Pumpage by group is tabulated yearly from 1965 through 1973 and an average pumpage for that time period also is reported. Surface-water flow in Crow Creek and Lone Tree Creek also is noted. Selected hydrographs are included for each group. Water-level monitoring was, in some cases, recommended to be reduced from monthly to quarterly measurements, based on the comparability of selected monitor wells to water levels of other wells in the field. A water-level contour map for April 2, 1973 is included.
In the Federal well field, the depth to water on April 2, 1973 is reported for eight wells and the net change in water levels between April 1, 1972 and April 2, 1973 is calculated. All wells in the Federal well-field showed a decrease in the depth to water. Pumpage of water from selected wells from April 1971 For each site, the target interval, favorable geologic structure, percent sandstone, known aquifer characteristics, expected potentiometric surface, anticipated water quality, contributing recharge area, favorable hydrologic characteristics, and depth to top of target interval is discussed or estimated. The report includes excellent tables of data, maps, and a list of references.
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SUMMARY
Annotated bibliographies for 55 hydrology and geology manuscripts pertaining to the Cheyenne municipal wells fields are listed in this report. For each manuscript, a citation is provided, a summary paragraph is presented, key words are listed, and a repository for the manuscript is given. The report lists manuscripts, conference proceedings, and guidebooks published by the U.S. Geological Survey, State of Wyoming, Geological Society of America, Wyoming State Geological Survey, private consultants, and University of Wyoming.
Information on geologic formations, structural geology, aquifer characteristics, water levels, well-field production, water-demand projections, and water quality is included in the manuscripts.
The earliest manuscript identified in this research was published in 1910 by N. H. Darton and others. Since that time, a total of 55 manuscripts have been produced that address various issues in the area of the Cheyenne municipal well fields. Some manuscripts did not receive broad distribution or indexing, and were difficult to locate. For some manuscripts, only one copy is known and it contains original data and analysis and in some cases, original hand-colored geologic maps.
Information presented in this report will assist the managers of water supplies in the Cheyenne area and other users of hydrologic information by making previous work accessible. By having the references and summaries within one report, time and effort to gather previous study results will be minimized. Managers can use this report to determine what existing data are available and to take advantage of previous knowledge for new studies.
